Abstract. Project portfolio selection is an important problem for having an e cient and e ective project management. This paper proposes a new framework to identify the optimal project portfolio. First, the in uencing criteria are derived with respect to higher priorities from the fuzzy DEMATEL method under the balanced scorecard framework. Afterwards, a utility-based multi-choice goal programming technique is applied to determine the project portfolio in regard to the chosen criteria and some other operational limitations. The synergy amongst projects and the outsourcing option are also taken into account in order to provide a more realistic selection process. Finally, applicability and validity of the proposed integrated model are tested by a case study conducted in a pharmaceutical company.
Introduction
Investing continuously in successive and simultaneous projects can guarantee the bene cial growth of any organization. However, the concern is that the potential projects mostly exceed the capacity levels of organizations. Having an e cient project management is hence required for such organizations and the project-oriented ones, in particular [1] . Project management consists of di erent phases including setting the portfolio, scheduling corresponding tasks, assigning necessary resources, etc., where the rst task starts with the Project Portfolio Selection (PPS) problem. Project portfolio plays a noticeable role in the thorough success of the undertaken projects. Consequently, PPS can highly in uence the achievement to the goals of the organizations and is addressed in the category of project and engineering management as an active research topic [2] . PPS deals with the problem of how to select a nite number of projects amongst the extant alternatives while considering their contributions to the objectives of the organization as well as limitation of resources.
Since PPS is an initial step in putting the projects into e ect, inappropriate decisions may result in two outgrowths. The former is that available resources are consumed for projects which are not completely advantageous and the latter is that the organization is deprived of potential gains which it would reach if it invested in more pro table projects (i.e., the opportunity cost). PPS is a strategic decision problem often characterized by multiple, con icting, and disproportionate criteria by which the Decision Maker (DM) has to set a portfolio of the most appealing alternatives with respect to di erent aspects of the projects e ciency [3] .
As the given problem (i.e., PPS) needs to be studied under a variety of objectives, it is often considered with respect to simultaneous application of multi-attribute and multi-objective programming techniques. However, some papers have just applied the multi-attribute techniques such as Vetschera and de Almeida [4] (2011). Multi-attribute techniques are mainly used for an initial screening and ranking purposes. In other words, they can be used as the inputs for multi-objective models in which the nal selection is carried out by incorporating limitations of the system. For example, Iniestra and Guti errez [5] (2009) considered a PPS problem for transportation planning by the use of a constrained multi-objective model with quadratic objective functions. They ltered the solution by a knee identi cation procedure and applied the ELECTRE-III method to practice preferences of the DM.
Some papers enhanced the selection problem by taking additional issues into account. For instance, Liu and Wang [6] (2011) combined the PPS problem with time-dependent resource constraints scheduling. They concentrated on di erent periodical procurement strategies and budget limitations. However, the nal results were determined only by the pro t maximization objective.
The rest of the paper is organized as follows. A brief literature review is presented in the next section. The proposed PPS framework is de ned in Section 3, in addition to the MCDM techniques. Section 4 consists of a real case study, performed in an Iranian pharmaceutical company, and a sensitivity analysis in order to clarify the practical application of the integrated model. Finally, conclusion remarks and future research directions are discussed in the last section.
Literature review
There is extensive literature on PPS problem with regard to its signi cant functionality in today's competitive markets. Herein, we have concentrated on the issue in accordance with distinctive novelty aspects, by reviewing the literature. To this aim, the research studies have been classi ed with respect to incorporation of interdependencies, in/outsourcing, and uncertainty aspects, as follows.
Accounting for the contingency interdependence of the existing projects is a crucial issue to select the portfolio. Since a given project may a ect the output of another project, and vice versa, the PPS may function not optimally if projects are considered as independent units. The following papers can be exempli ed in which the inner interaction of the projects has been investigated. De Almeida and Duarte [7] (2011) investigated the project synergy according to the bene ts gained by their interactions by a non-linear zero-one optimization problem. They determined the synergy values in accordance with multiple criteria and DM's preference information based on the importance of each criterion. Carazo et al. [8] (2010) proposed an integrated binary programming model for setting the project portfolio and scheduling the chosen projects by identifying the optimum time to launch each project into the portfolio. They considered the potential synergy amongst projects and applied a scatter searchbased approach as the solution methodology. The synergy values were based on Stummer and Heidenberger's method [9] (2003). Pendharkar [10] (2013) presented a comprehensive decision-making framework to evaluate IT projects portfolio with and without consideration of interdependencies. They applied a dynamic programming-based method to investigate independent projects and a mixed-integer programming approach for dependent projects. Abbassi et al. [11] (2014) also accounted for projects' interdependencies in research and development PPS by a binary non-linear mathematical programming model. They applied a cross-entropy algorithm to solve the model.
Another important aspect in PPS problems can be associated with the possibility of utilizing outer sources (i.e., outsourcing). Outsourcing choice can yield to increase in productivity of the organization. In other words, a further opportunity is provided in circumstances where the organization is not able to perform a given project by itself, by any reason, although its selection is bene cial. Mojsilovi c et al. [12] (2007) proposed a management methodology for outsourcing projects. They considered the problem for the case of vendors and developed a risk assessment model and a systematic analysis of outsourcing results. Tsai et al. [13] (2010) focused on IT projects and dealt with di erent strategies of sourcing with a combination of DEMATEL, Analytic Network Process (ANP), and zero-one Goal Programming (GP). They used the DEMATEL and ANP techniques to build the relationship map and priority weight matrix, respectively. Afterwards, unnecessary relations could be left out by setting a threshold. The nal yield (i.e., the priority weights) was entered into the GP model to help the DM choose the best strategy.
The considerable point in application of multicriteria approaches (e.g., DEMATEL or ANP) is that their mere use does not necessarily trigger the optimum portfolio as they may be biased. Therefore, balanced scorecard (BSC) has been applied here as a managerial tool in the PPS problem. It provides the opportunity to evaluate managerial activities and processes with unbiased viewpoints by taking both tangible and intangible aspects, i.e. nancial and nonnancial, into account [14] . BSC considers three more aspects including the relationship among the customers (CR), Internal Business Process (IBP), and Learning and Growth (LG), in addition to the nancial facet of decision making. Therefore, it is expected that DEMATEL can lead to a well-directed selection of the key criteria in the PPS problem under the BSC framework. Cho and Lee [15] (2011) applied the BSC to select the appropriate processes of the business project management. Xu and Yeh [16] (2012) dealt with evaluation and planning of both the lower and higherlevel goals of an organization by the BSC framework.
In addition to the mentioned aspects, incorporation of uncertainty in decision making can strengthen the obtained results. There are rather a variety of papers which have focused on the uncertainty issue. For instance, Khalili-Damghani et al. [17] (2013) proposed a fuzzy GP approach to account for con icting goals with imprecise priorities under a multi-period planning horizon. They used Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) to restrict the PPS to a bi-objective problem. Bhattacharyya et al. [18] (2011) incorporated uncertainty and synergy concepts in their proposed fuzzy multiobjective programming model. They applied multiobjective genetic algorithm to solve the problem which consisted of cost and risk minimization and outcome maximization. Chang and Lee [19] (2012) dealt with the circumstances where the input and output data had a vague nature. They proposed an integrated framework, including Data Envelopment Analysis (DEA), knapsack formulation, and Fuzzy Set Theory (FST), to set the optimum portfolio. The model was solved by three di erent constraint-handling techniques and arti cial bee colony and the results were compared.
Tavana et al. [20] (2013) proposed a fuzzy multidimensional multiple-choice knapsack problem formulation in PPS. Their model consisted of an e cient "-constraint method and an adapted multi-objective evolutionary algorithm. They also limited the obtained alternatives by a DEA model. Gutjahr et al. [21] (2013) addressed the allocation of the work to human resources and distribution of work over time by a stochastic optimization model for PPS. Moreover, they took outsourcing opportunities into account and applied a modi cation of variable-neighborhood search algorithm to determine the upper-bound of the problem.
Regarding the critical role of the PPS problem in the organization survival, more comprehensive models are needed to be developed. For example, it is advisable to provide exibility in the organizations by considering di erent sourcing options so that they can handle potentially pro table projects even if there is no technical knowledge or there is resource availability restriction. Another important aspect of the PPS problem is associated with taking the interactive e ects into consideration where running two distinctive projects at the same time may cause them to have reciprocal impacts on each other and a ect the organization performance, likewise. Therefore, this paper aims to consider the projects synergy and sourcing options under information ambiguity. To do so, rst, more in uencing criteria are derived by a multi-attribute technique and, nally, the projects are selected with respect to the given criteria and operational constraints (e.g., the manpower and budget limitations) by a multiobjective programming model.
The main contributions of the paper can be summarized as follows:
Application of an integrated MCDM framework comprised of fuzzy DEMATEL and a tailored multichoice goal programming model to deal with the PPS problem; Realization of the most crucial criteria, with respect to the balanced score card concept, derived from the DEMATEL; Simultaneous consideration of di erent sourcing alternatives to perform a project and the synergy e ect in the portfolio.
Problem de nition
An integrated model is developed in this section to tackle PPS problem consisting of fuzzy DEMATEL and Multi-Choice Goal Programming (MCGP) technique based on utilities of the decision maker. The fuzzy DEMATEL identi es the core criteria regarding the imprecision of individuals' statements within the selection process. Then, the PPS is handled by a tailored MCGP model considering organization constraints.
Fuzzy DEMATEL
Decision-making trial and evaluation laboratory (DE-MATEL) was rst introduced by the Battelle Memorial Institute through its Geneva Research Centre [22, 23] . DEMATEL can be referred to as a structural model which is able to extract the relations between intricate criteria. The method can determine the importance of the criteria under consideration and the extent that a given factor in uences the others, as well. It is based on digraphs, i.e. directed graphs, and functions according to two cause and e ect groups [24] .
The usage of DEMATEL leads to reduction in the amount of criteria required to be taken into consideration. It provides a visual illustration of addressing the actions and decisions, which can enhance performance of the organization [25] .
The implementation steps of DEMATEL are brie y described below: 1. Find the pair-wise comparison matrix: In this step, the DM needs to develop a pair-wise comparison matrix in which array a ij denotes how criterion i in uences criterion j. To do the comparisons, integer scores are utilized ranging from 0, 1, 2, 3, and 4 such that they stand for \No in uence", \Very low in uence", \Low in uence", \High in uence", and \Very high in uence", respectively. The comparison matrix can be developed to an average matrix in the case of presence of a group of experts.
Eq. (1) shows the calculation process of an average matrix while it is to include the comparison results of experts (e.g., h):
where X k ij denotes opinion of the kth expert regarding the degree to which criterion i in uences criterion j. The initial direct relation matrix is obtained in this step, showing the initial direct in uence that an element dispatches to and receives from other elements. Moreover, an in uence map can be extracted by mapping out the causal e ect between each pair of criteria. values represent the criteria with more in uence and higher priority, i.e. the dispatchers. On the contrary, the negative values refer to the mostly in uenced criteria with lower priority, i.e. the receivers [26] . Without loss of generality, the relation degree of a given criterion with the others can also be derived from D + R. In other words, the higher the value of D+R, the more amount of relation the corresponding criterion has [27] . S = [s i;j ] n n ; i; j 2 f1; 2; ; ng;
5. Set a threshold value and obtain the impactdiagraph-map: An appropriate impact-diagraphmap can be obtained by selecting a threshold value as the in uence level by the DM. The map incorporates the elements whose values surpass the selected threshold. The impact-diagraph-map can be developed by mapping the data set of (D+R, D-R), in which D+R and D-R make up horizontal and vertical axes, respectively.
As the construction of pair-wise comparison matrices in DEMATEL is rarely certain, fuzzy logic has been taken into consideration to deal with extant ambiguities. FST was introduced by Zadeh [28] (1965) to address linguistic variables, based on the membership function concept. The purpose of the theory is to lessen the e ects of subjective judgments stemming from extant fuzziness of peoples' thoughts, which has been proved e ciently. Here, Triangular Fuzzy Numbers (TFN) have been used to address linguistic values, as a common existing way in the literature.
The application of an e cient fuzzy aggregation method is accounted for another important issue to deal with the interval by which a TFN is de ned. In a broader sense, each fuzzy aggregation method needs a defuzzi cation method to convert the fuzzy numbers into explicit crisp scores. Without loss of generality, there are many di erent defuzzi cation methods in the literature; however, a good defuzzi cation method should regard a fuzzy number in terms of its shape, spread, height, and relative location on the x-axis [29] .
For instance, centroid (center-of-gravity) method does not distinguish between two fuzzy numbers with the same crisp value and di erent shapes [30] . Hence, Converting Fuzzy data into Crisp Scores (CFCS), developed by Opricovic and Tzeng [31] (2003), is commonly used as an e cient method to prevent facing such problems. The approach is based on a ve-step algorithm bene ting from the possibility of questionnaires application. Di erent papers have addressed the CFCS method, since it could strengthen the group decisionmaking procedures (e.g. [14, 32] ). The implementation steps of the algorithm are explained through Eqs. (8)- (15), supposing thatZ k ij = (l k ij ; m k ij ; r k ij ) stands for the fuzzy assessment of the kth evaluator (k = 1; 2; ; h) on the e ect degree of criterion i over criterion j.
Step 1. Normalization:
where max min max r k ij min l k ij .
Step 2. Compute right (rs) and left (ls) normalized values:
Step 3. Compute total normalized crisp values:
Step 4. Compute crisp values:
Step 5. Integrate crisp values:
The fuzzy DEMATEL method can now be implemented with regard to the mentioned steps of DEMA-TEL under imprecise decision making. A linguistic scale is required in order to deal with the uncertain assessments of the DM. The scale of linguistic variables is formed with respect to the amount of in uence shown in Table 1 . The criteria should be compared with each other from the viewpoint of linguistic variable \in uence". The elements of the initial directrelation matrix are obtained through the crisp values of fuzzy assessments. Afterwards, the normalized directrelation and total-relation matrices can be achieved, respectively, through Eqs. (2)- (4). The output of the total-relation matrix can then be re ected by the causal diagram. [34, 35] ). It has received much attention since its introduction and has been frequently used in treating multiple con icting objectives. GP provides the DM with appropriate aspiration level of setting for the given goals. It functions based on the deviation minimization between the aspiration and goals achievement levels. However, the dependence of the basic GP method on the DM in setting the aspiration levels has always been considered as a controversial issue. Hence, Multi-Choice Aspiration Level (MCAL) was presented to enhance the practical application of the classic GP so that DMs could set more aspiration levels for each goal [36] . Figure 2 illustrates a possible feasible region and the given solution for di erent GP approaches. MCGP was further modi ed to a constrained version, called constrained MCGP, which was not dependent on the use of multiplicative terms of binary variables [37] . However, Chang [38] (2011) improved his previous work and presented a new concept for achieving aspiration levels based on the utility functions. The main idea was to prepare goal achievement in terms of the highest utility level. To describe the utilitybased MCGP, formulated by model (16), the associated parameters and decision variables are introduced, as follows. Moreover, it should be noted that the index i is associated with the ith goal. Speci cally, weight 
On the other hand, model (17) can be substituted for circumstances with the purpose of satisfying the maximum possible amount of utility value. In other words, model (16) corresponds to the less, the better conditions (e.g., cost or risk minimization) and model (17) pertains to the more, the better conditions (e.g., pro t or manpower utilization maximization). 
The applicability of the utility-based goal programming model can be elaborated by the following example. Consider a company whose Chief Executive O cer (CEO) has suggested the achievement of X monetary units as the initial aspiration level of organizational goals for the current year, in terms of the given resource limitations and incompleteness of available information. Moreover, he/she has pointed that the higher the aspiration level, the better it is in the long-term if more resources can be provided. The CEO sets the initial aspiration level for their goal according to this scenario by a conservative policy. It is noteworthy that the initial target setting stage may be accompanied by underestimation. Regarding the above-mentioned notes, the president needs a decision aid to comprehend the appropriate aspiration level for guiding the target value of the CEO and nd the corresponding potential feasible region. In other words, a multiple-aspirationlevel mechanism can play a signi cant role to develop the GP approach. In a broader point of view, decision making can be performed in regard to the expected utilities for each objective (i.e., the aspiration levels achievement). The implementation steps of the proposed approach are illustrated in Figure 3 , as follows.
Case study and discussion
A real case study has been conducted in order to test applicability of the proposed model. The case study pertains to a large pharmaceutical company in Iran. The management board of the company had to decide about the acceptance (whether to insource or outsource) or rejection of launching some nutritious supplements. To do so, it was needed to select the most appropriate set of medicines such that the company reached its vision in the best way. Hence, the proposed PPS problem was applied to determine, rstly, on which alternatives the company should concentrate and, secondly, whether it is advisable to produce or outsource the selected supplements.
The decision committee adopted the following ve steps:
1. Fuzzy DEMATEL questionnaire design; 2. Calculation process of fuzzy DEMATEL method; 3. Specifying the signi cant evaluation criteria; 4. Developing the impact-diagraph-map; 5. Extracting the most in uential criteria to be applied in the utility-based MCGP. 
Fuzzy DEMATEL questionnaire design
The executed study utilized 10 evaluation criteria under the BSC umbrella. In fact, di erent criteria were taken into account as appropriate representations of the corresponding aspects of BSC. However, the aspects can be extended to a larger set of criteria in further studies, if necessary. The incorporated criteria are shown in Table 2 , from C1 to C10, respectively. Revenue annual growth (C1) shows the annual growth in revenue of the company. Market share (C2) corresponds to the portion of the extant demand, which is absorbed by the company. Investment return (C3) stands for the time period in which the invested funds are recovered. Customer satisfaction (C4) is associated with the amount of ful lled satisfaction amongst the customers. Service quality (C5) shows the level of provision of service to customers. Possibility of continuous improvement (C6) states the potential of continuous improvement in return for implementing a speci c project. Tasks complexity (C7) points to the amount that performing the activities of a project is intricate. Employee satisfaction (C8) indicates the satisfaction degree of the company's personnel obtained in the course of carrying out a given project. Employee capabilities (C9) also represents the in uence of a project on the capabilities of the personnel. Finally, organization knowledge growth (C10) points to the extent that the current knowledge of the organization is likely to be enhanced by the performance of a project.
The fuzzy DEMATEL method was used to appraise each of the criteria in uencing the projects portfolio. The questionnaire of fuzzy DEMATEL was designed in three separate parts. The rst part described each criterion and presented a concise definition for easy understanding and response. Then, respondents were asked to give the in uence degree of each criterion on the others, as mentioned in Section 2. Finally, the last part of the questionnaire was related to the personal data.
The calculation of fuzzy-DEMATEL method
The designed questionnaires were distributed amongst the decision committee members involving the management team and a group of senior consultants. Table 3 shows the assessment data with respect to linguistic variables. Afterwards, the initial directrelation and the normalized direct-relation matrices were generated through Eqs. (2) and (3) (see Tables 4  and 5 ). Finally, total-relation matrix was attained using Eq. (4) (see Table 6 ).
Signi cant criteria
The calculations of the fuzzy DEMATEL demonstrated which of the criteria played a signi cant role in the portfolio of the projects. According to Table 6 , employee capabilities (C9), possibility of continuous improvement (C6), organization knowledge growth (C10), and tasks complexity (C7) were the bottom criteria, respectively. The results revealed that the aforementioned criteria belonged to the cause group and revenue annual growth (C1), market share (C2), investment return (C3), customer satisfaction (C4), service quality (C5), and employee satisfaction (C8) constituted the e ect group.
The impact-diagraph-map
The obtained results of the total-relation matrix were also used to achieve the impact-diagraph-map. The impact-diagraph-map is the most important product of the total-relation matrix, which consists of the strategy map and the causal diagram. The strategy map represents the organizational strategy by the cause and e ect model [39] . The impact-diagraph-map has been depicted in Figure 4 .
Application of the utility-based MCGP
The utility-based MCGP model was developed afterwards, with respect to the key criteria and extant operational limitations. The available budget of the company seemed to be one of the chief constraints in the course of the projects selection. On the other hand, available personnel working time had to be taken into account as a crucial element, so that the selected projects could be delivered to the stakeholders in time. Table 3 . The assessment data of criteria. C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C1  0 Likewise, it was needed to carry out a further analysis and supervision by the project manager or the corresponding supervisors within the project completion. Hence, the issue was taken into account as another operational constraint.
On the other hand, the project portfolio should be lled such that an acceptable level of satisfaction is obtained for the evaluation criteria. This is practiced in addition to the synergy issue by which the parallel selection is met. The study incorporated ve di erent projects which could be either insourced or outsourced. Table 7 shows the related data for each of the projects which were developed through a consensus amongst the management team.
The GP mathematical model can be written as follows, in which the rst two objectives are represented by the MCGP and the rest by the utility-based MCGP approach, respectively.
The constraints of the rst goal, i.e., personnel working time, are written by Eq. (18), in which the lower and upper bounds are equal to 100 and 140 hours a week, respectively. They encompass the required time for projects execution and analysis. As can be seen, the optimum circumstance is obtained if there is no need for under-working or overworking such that the entire available time of the work force is utilized. 
The constraints of the second goal, i.e. the control and supervision times, are shown by Eq. (19) . The corresponding minimum and maximum values for the available analysis and supervision time equal 10 and 21 hours a week, respectively. Furthermore, the given constraints stand for the category of the lower value, the better choice and mainly refer to the projects which are to be outsourced. 
In addition to the last two goals that were incorporated in terms of MCGP problems, the following goals were taken into account with respect to utility functions. They consist of employee capability, possibility of continuous improvement, organization knowledge growth (right triangular utilities), and tasks complexity (left triangular utility), respectively, represented by 
Two other sets of constraints have to be added to the model, i.e. Eqs. (25) and (26), as well. The former set pertains to the budget restriction, which should be taken into account as a systematic constraint. The latter set is associated with the sourcing state of the projects. They guarantee that a given project is either insourced or outsourced, if selected. 
Finally, the objective function has been written by Eq. (27) , aiming at minimization of the weighted deviations from the target levels: 
The decision-making committee considered the weights of the objective function as follows: w 1 = 0:05, w 2 = 0:2, w 3 = 0:1, w 4 = 0:3, w 5 = 0:2, w 6 = 0:05, w 7 = 0:3, and i = 0:9 (i = 1; 2; ; 5). The mathematical model was then solved by GAMS 22-1 software and the following results were obtained: (x 1 ; z 1 ; x 2 ; z 2 ; x 3 ; z 3 ; x 4 ; z 4 ; x 5 ; z 5 ) = (0; 0; 0; 0; 1; 0; 1; 0; 1; 0). Accordingly, the third, fourth, and fth projects were selected to be insourced. However, the obtained result is dependent to a large extent on the subjects such as the resource usage requirement. Therefore, di erent portfolios may be obtained under di erent scenarios.
The decision-making committee took the issue into account as the company might encounter some restrictions by its nance. They implemented a sensitivity analysis to test performance of the model for circumstances in which the extant budget might change. Hence, two other conditions were considered for the budget rise-up and decline states, respectively. The results are shown in Table 8 .
In the rst scenario, i.e. 10% budget rise-up, the portfolio included the fourth and fth projects to be insourced and the third project to be outsourced. In the second scenario, i.e. 10% decline in budget, the second project should be insourced and the third project should be outsourced. As can be seen, the available budget plays a signi cant role in the PPS Goal (2)= 0% Goal (3)= 30% Goal (4)= 0% Goal (5)= 40% Goal (6)= 100% Goal (7)= 50% 0% (62) x3; x4; x5
Goal (1)= 22.5%
5.529
Goal (2)= 90% Goal (3)= 90% Goal (4)= 70% Goal (5)= 100% Goal (6)= 100% Goal (7)= 0% -10% (55.8)
Goal (1)= 100%
6.213
Goal (2)= 0% Goal (3)= 70% Goal (4)= 50% Goal (5)= 80% Goal (6)= 100% Goal (7)= 16.7%
problem. In fact, the scenarios show that the portfolio consists of the projects that can ful ll the given goals the best. This can be tracked for the states in which the budget increases up to 20% from its lowest to the highest bounds. The lowest value of the objective function is realized in the rst scenario which belongs to the budget rise-up. In this case, the weighted sum of inappropriate deviations is at the minimum possible value. On the contrary, in the budget decline state, the goals have been satis ed to a lower extent. The results show that the portfolio e ciency could be enhanced by incorporation of outsourcing option. The aforementioned scenarios yielded to the utilization of outer organization opportunities. In fact, this issue took place as the systematic constraints did not allow for thorough adoption of projects execution. Likewise, the projects were included in the portfolio which could utilize the given budget as much as possible, in addition to optimization of the weighted deviation values.
Conclusion remarks
PPS problem is a crucial step in project management and can directly a ect the organization performance.
The selection should be carried out in such a way that organizations can obtain the highest bene t from implementing compatible and inclusive projects. This issue makes more sense as organizations have to practice in competitive and uncertain conditions under a variety of restrictions. Consequently, it is required to apply e cient approaches to deal with the PPS problem. The projects should be compared and analyzed by di erent measures in order to set the optimum portfolio. This was achieved here by an integrated framework based on the BSC, in which the most in uencing criteria were rst determined by fuzzy DEMATEL and existing objectives were realized by a modi ed version of MCGP. In order to select an appropriate set of projects, two important issues were taken into consideration, including synergy of the projects and outsourcing options. Finally, the proposed model was applied in a pharmaceutical case to test its applicability in practice.
The proposed model can be developed in further studies with respect to di erent aspects. For instance, a potential future research direction is to develop more comprehensive models, in which the selection and scheduling phases are carried out simultaneously. In addition, the presence of multi skilled personnel and/or multi-mode activities as well as application of di erent fuzzy aggregation methods can be investigated in the future studies.
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